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.. ‘ PREFACE -
NI | ;

This Summary Report is a condensation bf the British Columbia Science,

-~

Assessment 1982, General Report which'is available from the Learnfng Assessment

Bnanch,-Ministny oﬁfEducationf These reports present data and recommendat1ens

re]at1ve to-the status of science educat1on in the schoo]s i Br1t1sh Columb1a. «

Ach1evement and attitudes of puplls were assessed at Grades 4 8, and 12 and

int]udéd an approximate 2,000 pup11 samp]e at Grade 10, In genera], attitudes of

pup1]s towards various aspects of science were qu1te pq§1t1ve. However, achieve-

ment, as Judged by informed members of var1ous pane]s, was rated low.

The achievement data and responses of teachers to quest1onna1res dealing

with sc1ence teaéhlng copditions were studied by the Contract Team and the

Science Assessment AdVISqry Committee. A number of recommendations evolved,

These are presented in Chapter 4 of this réport, ., ~ - . T v e,

e

It is the hope of " the Contract Team that the M1n1stry of Educatioq, the

un1vers1t1es the teaching profess1on and the pub11c at large will ser1ous]y -

cons,ider and act upon these relatively ‘conservative recommendat1ons.

- e, Hugh Taylor . )
for the Contract Team
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CHAPTER 1

7

1982 SCIENCE ASSEéSMENT: PURPOSES AND ORéANIZATION )

1.1 ‘Purposes of 1982 British Columbia Science Assessment

£ During the spring &f 1982, over 80 000 students and nearly 2000 teachers in,

British Columbja particjpated in the 1982 Science Assessment. The assessment was
the second evaluation in the area of science, the first occurring in 1978. The
assessments were part of the continuous assessment cycle in various subject areas
of the school. curriculum and were conducted by, the Learning Assessment Branch,
British Columbia Ministry of Education. In general, the basic purpose of
assessments is to ensure that importgnp decisions about education’ are based on
reliable and valid current data concerning both the learnipg conditions and ‘pupil
achievement at provincial and school district levels. : »' -

The 1982 Science Assessment was also planned to provide 'information to
persons involved in science education in British Columbia. Therefore, the
following aims formed a. framework around which the assessment was designed:

- 1. Establishment of baseline provincial and schodly district student ,
achievement data on selected domains rated' as priorities in the
updated Science Curriculum Guidgs. oo '

+
—

2. Provision of provincial and school district data on changes in, :
student achievement on Curriculum Guide objectives in selected
domains from ‘the 1978 Science Assessment. ol

, 3. Development of.a bank of B.C. curriculum-related test items for
subsequent production of achievement instruments for ,optional
use by classroom teachers as part of their evaluation of

. students, v .

4. Documentation of cyrrent c]assroog practices and identification
of significant changes since the 1978 assessment. . ‘

"5, Assessment of the extent to which change has taken place-in the
non-achievement .areas (e.g., facilities, equipment , —supplies,
attitudes) which were Qdentifiéq.as concerns in 1978. :

' ®
6. Identification -of the current context within - which science
curricula are used. ) : i v

7. Examination of initial reactions to changes /frevisions /updates in
Science curricula since 1978.




1.2 Organization of the 1982 Science Assessment

The assessment was a cooperative enterprise which included over one hundred,
individuals from various parts of British Columbia. The vast majority of parti-
c1pants invoTved in the planning,, development and comp\et1on of the assessment
were practising science teachers. Names of the various participants are 11sted
at the beginning of this report and in the Appendices.

' The assessment was .accomplished through thé activities of three major -
groups: the Learning Assessment Branch, a Contract Team, and a Technical Agency

(see Figure 1). The main respons1b111tres of these groups are briefly described

in the following three sect1ons.

Learning Assessment Branch N - , -
. . | 1. Other personnel within the -

. Advisory Committee - . Ministry ‘ ;
. Technical Sub-Committee . School Districts . : -

[ . Provincial Review Panels . . Qther provincial educational
. Provincial Interpretation Panels | ' organizations

! . EN . - 0

Contract Team Technical Agency . - ' {

Fiure 1. Organizational structure of the 1982 Science Assessment.
' ' . / .

e ;(
7

.. 1.2.1 Llearning Assessment Branch

The Learniﬁg Assessment Branch, Ministry of Education was responsible for,
and coordinated, all activities. These sincluded, among others:

o estab]ishiﬁg fhe‘terms of reference for the Contract Team and .

. Technical Agency and coordinating the selection of these groups

— . . » - ¥

o 'éhairing the Advisory Committee and the Technical Sub-Committee

- ® arranging and conducting the Provincial Review and Interpreta—
tion Panels . . .

[

. ® . printing all sgrvay instruments qnd final provincial report?

® coordinatifg 'ai] -necessary arrangements with districts and
scholss for the confuct of the assessment : ~

' .
. . .
. .
‘ . A . ’
L4 4 .
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g » Al r s
: ¥ The Contract Team consisted of three members of the Faculty of -Education,
University of Victoria and a science teacher from the Greater Victoria School
District: The specific responsibilities of the Contract Team included: :
S . -® _developing instruments'appTop$iate.for assessing student learn-
) ing on ‘a province-wide basis, including amplifying curriculumy,
_ . objectives, developing a pool- of .achievement items, ‘and
. ' geheratiég_final achievement _for'ms based on feedback from pro-
y vingjal Review Panels and pilot survey results ~
.® designing a ‘Table of Specifications for the achievement survey
" instruments used at grades 4, 8 and-10/12 ) -

. .
® -developing items fom construct{ng 'strands tests at. the grade 3/4

and 7/8 levels N \ -
- e deveibping instruments suitable for a survey of instructional
practices ° - A

. ¢ o' « . ‘M )
® préparing contents of instruments for.the pilot phase

[l

7 -e participatfhg as ‘resource -personnel during the \Interpretation'
© Panels - . = ' K L .
- - - ‘ B P N v
® developing and preparing-provincial reports of methods,‘results,_
Lo and recommendations, including a Summary Report and a‘detailed
et professional General Report

1.2.3 Technica) Agéncx T o N .

The Tetﬁqica1,Agency tohsistqd’of'pérsonne1 from B.C. Research, the techni-
.cal operation of the independent, non_pcoﬁit\British~£olgmgig~ggseagghuCounciJ:
located, on the campus of the University of. British Cquina. SngTfic responsi- .

~ =~ bitities of the Technical Agency iqgluded; - .. -
o . ® developing selection -criteria for building " final ‘achiewemgft .+ s
.0 _. . survey forms . . C b ’
. - : . |
" ® printing, packaging; distributing, and: collecting instruments .
for the pilot phase . o .

L scon{ng ard éna]yzjng pilot data . ‘
‘® .packaging, distributing and -collecting all final survey forms

{

® scoring, énalyzing, and preparing reports of analyses of final -
' +data ) ~

. . .
. . . -
. 'l . P
-

N & b B »




o

® designing, prepaﬁing, printing, and diétributing district and
) independent schools. reports of assessment results
. N \
® conducting follow-up analyses of a specific nature to identify

. areas of)th@ province or groups of students requiring assis-
tance ¢ . '
1.2.4 Advisory Committee , ) -

»

>

An Adv1sory Comm1ttee, convened by the M1n1stry of. Educat1on, guided the
Contract Team by giving advice on the science content under consideration, pro-
viding advice for the 4deve1opment of all suryey materials, and assisting at)
Review Panel and Interpretation Panel meetings. The members of the Advisory’
Committed were selected from across the province to reflect a €ross- -section of
opinion on the areas of science being assessed. -

~The Adv1sony Commlttee was composed of: -

® practising teachers and administrators

® teacher educators _ ' -
'® a3 School Board Trustee ‘ ‘ , -
ot " - * A . L4
"z NPy chairman of the Contract Team . . i

.

LY

-

-

e representat1Ves’b§’the~Techn1ca1 Agenty e C : -

K representat1ves oﬁ the Learning Assessment Branch

Advisory Committee members in the. first three'categories sat as. informed

.-, individuals and not as representatives of. specific organizations..

, 4 ‘
-~ 1.2.5 Teqhn1ca1 Sub _Committee ,

L) M . v

.
H

**:“*ﬁ..

The TecHﬁTEHT Sub-Committee conS1ste¢~9f a technical coordinator from the

" Learning Assessment Branch, the chairman “of the Contract Team, < representative

of the Technical Agency,.and the chairman. of the Adv1sory Committee. The sub-
committee served as.a forum for detdailed discussions on issués ofta technical and
statistical nature. . /

»

1.2.6 Review- Panels - . . . \ .

In late August, 1981"a ser1es of meet1ngs was held in_various parts of
British Columbia for the purpose of rev1ew1ng materials produced by the Contract
Team. - Over 50 individuals participated ih the various Review Panels (see
Appendix A). These panels, chaired by members of the Advisory Comm1ttee, were

S ecid]ists.ak .

.¢jﬁmposed of practising teachers/administratqrs as well as subject matter

)
- - . . . »



. A \\“-&< ‘

The main task ofthe ﬁeview Panels was to judge, with the use of specially
Hesigned “rating iscales, all of §he potential “éxpanded object'ives, achievement
survey <items and‘attituﬁe/opinion atements. The panel ratings proveéd valuable
td the Contragt.{Team who used them to either-omit, or revise and improve the
quality of the gakious items prior to thelpilot phase.

v

L
l\"? . v

s#’ﬁ?

[y

- 4
l

~

. 1.2.7 Provincial Interpretation Panels

3 i % .

In early June, 1982, the Learning Assessment Branch convened provincial
Interpretation Panels to’ evaluate provincial results for each leval of the
- science program_ assessed. ) .

L)

Interpretation Panels (see Aerndix’B) were composed of :

® practising teachers/administrators from all levels of %he,educa-
" tion system a ’ :

®  teacher educafqrs ) :\ ) ’

® members of interested and informed groups

\

® trustees, parents, and members of the public

Panelists received, in advance of ‘their first meeting, a copy of the-Table
of Specifications and a copy of the achievement survey items classified in terms
of learning objectives. Prior to the first session, panelists were asked_ tov
respond to the atems and, for each, set percentage figures for "acceptable" and
"desirable” Mevels of performance for the proyince as a whole, based on the per-
centage of students they felt should be able to correctly answer each item.

" At their first session, panelists were given copies 'of the actual 1982 -
results for each item in terms of the proportion of students who answered the

item correctly (p-value). They were.then asked to individually rate the perfor- .-
-mances by comparing the actual results with their previously estimated acceptable

and desirable levels. Ratings were made on a five-point scale from "Weak" to
"Stron@“ff‘Thegé‘ratings,were discussed in small groups and then in one large .
group in an attempt to reach a consensus. Both consensus and minority views were
recorded.- ' , C o

At a final session, groups-of panelists were asked to develop ratings (on
the same five-point scale) for each of the objectives and domains assessed and to
“contribute interpretive comments and recommendations in light of the provincial *
performances. The ratings and conclusions of the various Interpretation Panels
form important parts of future sections of this report. : '
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5 CHAPTER 2 o

SCIENCE PUPILS: ATTITUDES AND ACHIEVEMENT -

A
1]
. Al - 5
- .
N N
- TN 4 }

’Z:i Teaching Goals and Assessment Domains and Objectives

3

+ il S

H
)

. The 1982 Science Assessment was based on- the anis bf'thé Britisth01umbié

science program as they were stated in the ‘1981 draft forms of the Elementary

- v Science Curriculum Guide Grades 1-7 1981) and the Junior Secondary Science, .

Lurriculum Draft Materials. . The four goals may be called:

.

Goal A; Attitude

I . < . “ L § b4
v e Goal B, Processes and Skills . R
o . Goal C, Knowledge . ' /
Goal D, Thinking .- ° . ‘ i

LS ’

From these goals, affective scales- and three cognitive domains were defined
thereby ensuring that the assessment results would reflect the British Columbia
science -curricula. .

L4

Figure 2 illustrates the .relationship between the curriculum goals and
assessment domaifns. A few “sub-areas, shown in different typeface, were not
indluded in the goal statements’ but were added Tfor assessment ' purposes (for

..example, it seemed more appropriate to evaluate knowledge of safety procedures
vthan to attempt to assess an attitudé,toward safety). : -

N \
N

.y

2,2 Science PupiTs: "Attitudes, Interests and Opinions‘

3

The Br%tish,Co]umbid science curriculum guides, at both. the elementary and

7~

secondary TevelS, encourage teachers to help pupils develop positive: science .

,attitudess The guides suggest that opportunities should be provided to:

- e ® develop curiosity about, and interest in trying to understand,
. natural events - - ' N
RS discuss. how scientific endeavour is important té.our society
) .
® foster an appreciation of the impact of technology on the world

] develop a more responsible attitude towards -self and society
" through the examination of social and environmental issues

) 2 ]

® use scientific knowledge and skills to he]p'cléﬁfﬁy personal -

.valiues and beliefs ' . »

’

., .,.}‘v'
¥ B i .
e y




CURIOSITY -
AWARENESS -
ADAPTABILITY :
VALUES . .
BELIEFS -

SABETY CONCERNS

’

"ATTITUDES \

PROCESSES AND SKILLS  *

PRéaICTING
" FORMULATING HYPOTHESES
FORMULATING. MODELS
EXPERIMENTING
DEFINING OPERATIONALLY
LOCATING INFORMATION
. USING- EQUIPMENT
- SELECTING METHODS

MRIABLES
GOAL B

X.)

3 fz )
v Z*/;:rﬁnair‘nk'l--Science Processes

Damain 2--Knowledge--recall and

)
’

V.

understand

///-Domain 3-~Higher Level Thinking

oo »
APPLYING . RATIONAL ' a
KNOWLEDGE OF -CR]TICAL .
CONCEPTS\ ETC. FORMAL ‘
P CREATIVE
GOAL C ' GOAL'D
KNOWLEDGE THINKING

Ly

4

Figure 2. Curriculum goals and assessment domains.
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.

® discuss some science-related activities awhich could be done
during leisure time ) -

" — i
® _ deal with problems in an open-minded manner

-

1

Using thé%e general statemengs as guidelines, the Contract Team developed a

. number of affective scales, clusters and items. The following are brief
. descriptions of the scales and item tlusters along with examples of both positive
and negative statements used in .the final forms. Most of the scales contained 10
statements. The exceptions were School Science.at Grade 4 (7 items) and Science

and Society (12 items).

School Science Statements were designed to assess pupils' generalized
attitude toward science as a school subject. Care _was
taken to elinfinate references to important, but perhaps “toos
specific, types of activities that may have confounded the

4 interpretation of the scale. _Thereflore, activities such as
, enjoying science laboratory work, going on science field
. , trips, or- taking pride in doing careful -work in science
, e - were .not considered' appropriate references in a.s@@le des-
- ; igned- to measure. science as ‘an interesting and valuable
v ‘ school subject. ‘ '

S . Examples: ' .o . i
e I Tike to study science in school. . “
'~ " I-do_not enjoy science, - . Coeet
‘Science Careers = An attempt was made to develop a questionnaire that would
b measure ,willingness to enter a career in the field of
science, ' ,
Examples: .
A career in science would be very satisfying.
Scientific work does not interest me.: . . N
" Scientists Scientists, of course, dfffer as much in, their abilities

- and personal characteristics as do members of any other

- professional group. Therefore, as a concept, "Scientists"
cannot be considered unique and one would expect to encoun-
ter great difficulty in developing a unidimensional scale.
- .. However, allowing ‘for this limitation, it\ was decided to
' repeat some of the statements from the 1978 B.C. Science
: - Assessment and develop a scale related to- generalized

affective reactions to scientists. )

. Examples: \ 2
Scientists have been very helpful to mankind.
Scientists are usually odd .compared with most .people I
know. . - .
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Science and Society Th1s scale was* developed to measure a broad area that in-
N cludes the- 1nterre1at1onsh1ps and interdependencies of
- " science, technology”and society.
' Examp]es
Scientific progress and the progress of man.go together.
‘ Science is not important. in everyday life.

Methods of Science Literature in science education shows that the attitudinal
. target entitled "Methods "of Science" is extremely complex.
Therefore, this scale was developed to assess a variety’ of
cognitive and affective \components related to sc1ent1f1c
. . knowledge, the processes of scientific inquiry "and the

. e ) nature of scientific inquirX: X ~—”‘\V/
E Examples: '

Science.. 1s getting closer. and closer. to the truth.
When trad1t1ona1 beliefs are dn conflict-with scientific
discoveries, it’'is better to accept -traditional be11efs.

JInterest in . Three topics were chosen 1n the areas of physical sc1ence,
Science Topics ' b1o1og1ca1 science, earth/space $ciencé and technology for
pyupils in grades 4 aqd 8, to reSpond to in terms of how-
s interested they were in 1earn1ng about the .topic. Differ-
P ’ « _ent topics based. on-the content of the elementary and
" junior secondary science curr1cu1um gu1des were used at “the
. . two grade 1eve1s. . K . . ,
' Examples: . . ’ . : ‘
. , “Grade'4 - How animals live {Biological) :
v _The moon and stars  (Earfh/Space) -
N Grade 8 Chemicals in foods (Physical) -t '

.- How computers work  (Technology) -
Specific Issues This item “cluster dea]t with opinions about areas such as®
» conservation, pollution, aniral exper1mentat1on, creat1on
of. 1ife and the use of herbicides/insecticides. Ten equ1v- ’
alent statements .were used at both grade 8 and grade 10/12

Examples: ’ ‘ .

7 " Factories should be requ1red to -reduce smoke po]]ut1on‘
! even if 'prices go up.

. - Scientists should conduct exper1ments on animals if they '

uthmk people will be he]ped '

o
”

ffective results were calculated in the fo]]ow1ng manner: For each scale,
a pup11 S raw score was determ1ned by summing the weighted scores of all. the
items.” Responses were weighted 1 if a pupil chose' "Strongly Disagree" to 5 if
the choice was "Strongly Agree" for a positively worded statement. Negative
statements were weighted in the opposite direction. The sum of the weighted

- 10 -
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responses was then divided® by the number of items. Thus, individual meap scores
ranged from 1 to 5. A frequency distribution was made of the mean scodes, and -
they were then divided inta the five categories on the basis of the f flowing
#@ua] interval classification scheme: 9

¢

¥

.Classification ‘Mean Score Range
», Strongly Negative 1,00 - 1,80
Negative ' . L1.81 - 2.60
Neutral 2,61 - 3,40 " :
Positive - , 3.41 - 4,20 . .
Strongly Positive s 4.21 - 5.00 ‘ .

The proportions of pupils obtaining scores within these intervals® are ﬂé-x
ported as percentagds ip Table 2.1. - The table shows -that,- on all scales, the¥
proportion of pupils re¢ponding positively was greater than the proportion .res- : \
ponding negatively, and we may thus conclude that pupils at all grade levels have B

. positive d!titudes toward most of the attitudinal objects. However, there is an %
exception, in.that pupils in Grade 8, 10-and 12 definitely do not demonstrate a
high integest .in pursuing a career in science. In fact, mean scores here were
the lowest ob%ained on the attitude scales. These results are unfortunate in
view of the-probable increased need for scientifically talented personnel in our

‘ future work force. - ° - :

<

. The results of the.School Science scale show a slight increase in negative
affect at the upper grades along with an increasé in the proportions within the
neutral category. At these age levels, pupils are beginning to clarify their
.vbcatiopal goals and to opt for major study in areas other than science.

A Potpourri- of Attitydes, Interests and Opinions ° :
© Grade 4 .

° About 80% of the pupils feel that the study of science in school is+ impor-
‘ tant ‘ ’

/
®  ‘Boys like Physical Science and Technology topics )
-ty - [ ] 5 : 3 ] N PN .
X NM~M\-§]rJ§~J‘ logy topics A\ o o . .
- Gratle 8 e : )

LY - LI > .
d N .
. 1. as 1 N
~

'Q Sixty-seven percent of the boys and 59% of tha. girls Tike to study science

° Sixty percent of the girls and 47% of the boyssqgree that, or are undecided , »-

' as’ to whether or not, the planets determine one's success or failure in
1ife! ’ . . ( ©

L Only 19% of the pupils would be willing ép enter a scientific career

° Sixty%percent of the pupils (males = /1%, females = 48%) are very interested
. in learning how to work comguters ; : -
_ puters, ,

- 11 - . a




Table 2.1: Summary of Affective Scale Results By Grade (Percentages) - -

v~

Affect1ve ’ ’ Classificatio n. o
Sca1e Grade .
Strongly - - Strongly:
Negative  Negative . Neutral Positive Positive
. ‘ £ - EA
> - School Scjence 4 2.2 \ 9.4 17.0 42.5 28.7
R 8 1.7 3.1 26.0 49,0 14.2°
10 - 2.0 - 10.8. 28.5 45,5 13.2
y 12 2.3 12.8 . 30.8 +42.5 11.5
~Scientists . 8 0.2 1.8 24.2 © 65,1 8.6
! 10 " 0.3 2.2 28.2 -63.0 6.1
. - o 12.. - 0.1 - e 2,1 30.5 ,61.6- 5.5+
v - —
' Science ang 8. 0.3 4.0 28,2 T 51,7 9.6
Sotiety 10 0.1 3.0 23.1 63.2 10.3
PO - 12 0.2 2.2 22.2 . 62.5 12.7
Careers in 8 3.6 19.9 6.2 ¢ 324 . 1.7\ .
Science 10 6.3 22.8 1 34.8 . 28.5 1.6 .
12 5.1 22.6 35.6 21.7 - 8.8
‘ “Methods of , 10 0.0., 1.0 27.8 67.0 4.1 .
e Science” ‘ 12 0.0 0.9 31.0 64.3 3,6 '
3 \‘ * - . * ) -
Grades 10 and 12 ) , -

S Boys to a greater extent than girls claim to use scientific ideas or facts
: in the1r everyday lives .
. - b ) '
° Only 18% of the pupils in Grade 10 and 21% in-Grade 12 would be satisfied to
spend their lives as scientists R .

° Boys have cons1derab1y more fa1th in tgchnology than do g1rls
9 Pup1ls are ovérWﬁETﬁ1ﬁ“fy in favoﬁ} of conserv1ng “energys but ape--not.in__ ~
« fayour of having highway speed Jlimits reduced h

s’ Pup115 are equa]]y ‘pro, con, and undec1ded on support1ng research related to
genet1c engineering

“
“+

¢
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2.3 Science Pupils: Achievement ‘ .,
] N X
Three assessment - forms, .Y, and Z), each containiﬁg‘different achievement .
ttems, were administered at Grades 4 and 8, and two forms (X and Y) were adminis- ..
~ tered at Grade 12, A total of over 80 000 pupils wrote the-various assessment
forms. The actual numbers of pupils involved are shown in Table 2.2.

8

-~ Taple 2.2: Pupil Participation in the Assessment
Gr@ _ ' Form . Total

’ . X . Y 7
4 9 330 9 310 9304 . 27 944 L

-8 T -9,212 A 9 917 9 865 ~ 29 699 °

10 986 U004 0 T L e 1 990 ’ R

12, B aél 0§3 - 11 047 ©- : 22 110 '

t - = n

. . ' .ot

.
. -

Table 2.3 shows ,the totﬁ]_“number of -items associated with the various
domains and objectives within each of the three main‘grade levels, -

Three' InterPretation Panels, one for each of grades 4, 8, and 12, judged the
provincial achievement data and rated the item, objective, and domain results
“* - using the following five-point scale: '

Strong -~ ST

‘Very Satisfactory -- VS

Satisfactory -~ ,

Marginal - M , ) ’
Weak -~ W

Thé panels consisted “of informed individuals who based.their judgements upon
.the expected difficulty of the items, item i@lprtance, and the pupils' actual-‘"
"performance. The_fo]]owing-thrgg«sectiqns“pneggny%summ@[igs of the Interpreta-
tion Panels' ratings.™ - ~ e T R :

2.3.1 Domain 1--Science Processes oo !

e W)

One of the goals of science education is to~develop pupils' abilities to use
the processes of science, that is, pupils should develop scientific intellectual -
- skills. The curriculum guides 17st twelve such processes but only the six deemed
most important and easily measurable were used in the 1982 Assessment. Table 2.4
summarizes the pupils' performance and the Interpretation Panels' ratings for
Domain 1--Science Processes at the three grade levels assessed. .. . {

- .

4 ) _ -




In the Contract Team's opinion, the &erall performance of pupils in this
domain was disappointing although performance was actually considered stronger by
the Interpretation Panel than performance in the other domains.

The ﬁﬂementany Science Curriculum Guide divides scientific processes into
basic and integrated proesses. At ghe prilary level, only the basic processes
are emphasized. . T - - .

h . N

)

- A~

ht

‘ Table 2.3: Number of Items Used Within the Demains and Objectives
' s at Each"Grade Level )} L

0

DOMAIN/OBJECTIVE L Grade -4 Grade 8 Grade 12
DOMAIN 1-~Science Processes . 60 - 36 22
'Objective} e .:\ . S : X .
-Observe‘and Infer ~ 18 ' . == ) -- .
Classify - o . . 18 9 -—-
Communicate , | - A8 9 --
Quantify - T ) i6 T --
. . Interpret Data . . : -- 9 10
; Identify and Contro] S ‘
. " Variables -- /9 . C-l2
DOMAIN 2--Knowledge--recall and 33 . 17 30
‘ understand : ) .
Objective: ] )
Biological, Physical and . . s /
Earth/Space- Concepts 18 33 716
. Applications of 'Science (Technol- R
ogy) and the.Nature of Science 6 .- 12 6
. Safety Procedures e = 9 1z - 6
DOMAIN 3--Higher Level Thinking . 15 « - 27 < ' 18
Objective:
Apply Biological, Physical and
! Earth/Space Concepts 9 15 L~
Use Rational and . , ’
Critical Thinking . 6 12 ., -—
Evaluate Evidence for -
.Conclusions - 4-1 6
. Solve Abstract Problems ' -- 1 v 12
" Total Number of Items S 108 C 12D 0 c

N PN

ot



Table 2.4: Domain 1--Science Processes: Results and Panel Ratings
%
ghumber of. Items :
Grade/Objective Rated by Panel in Each Mean Percent., Overall’
. ; , L. ‘. “Category { Correct & Rating
. .. W M S VS ST Total Obj,” Domain Obj. Domain
P - . .
& " Grade 4 ) . ! . '
" Observe and Infer 2 2,2.78 4 18 74,5 'S
. Classify 1 56 5,1 18 . 65.3 L S
Communicate 3 83 31 18, 55.9 - M
Quantify 042 0 0 6.°' 60.4 ;1 ¢ . M
) ' ' ‘ 7 64,8 N
Grade 8 { ' - .
Classify 11 2 3 2 °9 66.6 VS
Communicate - 02 2 3 2 9 66.3 VS
. - Interpret Data 11 4 2 1 9 55.9 S
Identify and Control s )
Variables 242 1 0 -9 45,2 ’ W
. ‘ : 58.5 No Rating .
‘ . vl o Given
Grade 12 ! . §
Interpret Data 152 2 0 10 53.0 . M
Identify and Control : . . L
Variables 1 46 0 1 12 56.8 . .S
- ’ 55¢l1 . M
", B V.J,... N N ' ’
At Grade 4, the Interpretation Panel concluded that students were learping
"+ to use the basic processes to a satisfactory level, although - there was concern
about the ebjectives of communication and quantification, . )
oo _ B §
At Grade 8, the Interpretation Panel rated the two basic processes as "Very .,
_ Satisfactory", but” felt that, although performance on the integrated process,
Interpret Data, was "Satisfactory", pupils showed "Weak" performance on Identify
and Control Variables. . .
The latter two integrated processes ' were assessed at Grade 12. The
Interpretation Panel rated performance for interpreting data as "Marginal" and
for-identifying and controlling variables as. "Satisfactory". The Grade 12 panel
was disappointed with pupils' overall performance in the process domain.
Observe and Infer K
v

Qbseryatﬁpn is the basic skill of science and pupils must develop some.
facility as” observers if they are to develop the other processes. The Assessment
format severely -restricted the range of observation skills which could be
measured. Only question 720 from the Grade 4 test, 11lustrated below, escaped
the Timitation that observations be made“ on drawings rather than on real objects.

. Ao
‘ - ) v ¢
- * - 15 - o N »
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i
\‘ .‘.1 - ‘ . . ' ) - . J
It was still possible, at the Grade 4 level, to ask questions about similarities,
differences, §ymmetry, relative shapes and sizes, collection of observations, and
‘\\which observitions are actually relevant. Grade 4 pupils did well on this

objective. ' .
Grade 4--220°
. Look at your teft hand. Which‘diagram below is most like your hand?
¢ Booooooo:o oooooo oo’ ooooooooo ‘ o o o o 2
Co.oooooooo oooooo .oo‘o.: oooooooo _ooz
D. e & &« s & & 0+ e o . L N .....:.... 2
© ldon't know . . . ..o .ol e P « . _2
¥ correct response ‘
. - s

' C]assifi

¥ Questions on c1assifiCﬁt§on skills were asked at both Grade 4 ‘and Grade 8.

A few of the same questions were used at dach grade. Some of the Grade 8 ques-

. tions proped considerably more advanced skills than those at Grade 4, 1t was not

possible to give pupils specimens: to cﬁassify ar to have them construct their own

classification systems. Drawings, diagrams, pr memories of ' familiar objects had

_¢o be used. It was possible.to measure a range of skills such as matching by

attributes, deleting the least similar from a set,,placing new objects in the

best’ sét, using classification charts, recdgnizing the basis for sorting, using

" dichotomous keys, .and recognizing and applying a class rule. Qften, this last

skill was measured by constructing imaginary creatyres, but question X29 expected

pupils to recognize, .from pictures copied from a well-known British Columbia

flower book, that the sepals and petals of 1lilies total six. Grade 8 pupils

. found this item, more difficult than most  of the items for this objective.
Overall, Grade 8 pupils achieved very well on classification skills.

-

- 16 -
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A 4

Communicate

Pupils receive and construct communications
»»Written prose, pictures, diagrams,
nly the understanding of a communi
assessment. * Questions were asked to assess t

spoken WOrg

graphs..

.

Grade 8 but , there was only one item whith was

Interpretation Panel

ticular,

2 o

ntial growth betwe
iption.

{

eloped.

[ 4

’

in science .in many. ways:' the
maps, symbols’, charts, tables and
cation could be ‘measured
his objective at both Grade 4 and
used at both levels.
expressed concern about students'
felt that graph-using skills were. under-developed.
pretation Panel felt communication skills were wel1-dev
is illustrated below and shows substa
abitity to understand a written descr

in the

The Grade 4 -
.performance and, in par-
The Grade 8 Inter-
The common item
en Grade 4 and Grade 8 in.

L 4

- | A-girl enters a room.
| in the wall in FRONT of
Which of the ‘rooms did - she enter?

Grade 4--731 *™™Grade 8--722

her and a table alon

\(‘A

-

:

L

There is a bed‘a]ong'the wall to.her LEFT, a window
g the'wall to her RIGHT.

. $ L .
- Bed {]. 'J_ ITebleI Irgbﬁel _l Bed f[
g? Door . Door ' Door ' Door © . -

T  Windgov - ’ o T . Winldow o .
(] l‘? N
P v - . v I

- Toble' . B Bed l ‘ ‘

. "Windov. ~ ' Window -
AL S B Tl € D

t

<

¥ .
.., Grade 4 Grade 8

57*

- A
B .
C......
D
I

don't. know . . . . . ..

* correct response

. Quantifx

. While quantification as a science process incltudes counting and estimating,
the majority of important quantification skills involve metric measurement.
Although this is an exceedingly important skill in sciénce, it was decided not to
stress this process in the 1982 Science Assessment, but to use only six questjons N
at Grade 4. This decision was«made because this process was stressed in the 1981

“e-

E™

-« &
*

Wv"';i" ' ‘

» -,
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Mathematics’Assessment where pupil performance received "Marginal" ratings at
both Grade 4 and Grade 8. The Soience Assessment Interpretation Panel's "Margin-
al" rating.of quantifying at Grade 4 was consistent with the Mathematics Assess-
ment findings. ‘Together, the Aéégssménts identify an important afea which must
be of comsern to teachers. . : R

Q

* ‘ . *

Interpret Data

In science classes, it is usual to require- students to interpret data by.
generating conc]usion§ from data which they have previously collected. In con=
trast, the Assessmdnt' data had*to be presented in concise forms. Students then
selected from alternative interpretations. Questions were also asked about some
general problems concerning the use of data, for example, the heed to replicate
data in experiments. = This objective was measured at, both the Grade 8 and Grade°
12 Tevels; all data used at the Grade 12.tevel were quantitative. There was
significant growth. from the Grade 8 to the Grade 12 leével, on the two common

items, one of which is shown below. .

e <

Grade 8-£708  Grade 12--Y11'

The treeline. is the highest altitude at which trees can grow.

The .

following table relates treeline to distance from the .equator.

2

\ ) Distance from. v
Equator Treeline e
-0 1000 km 4000 m
2500 km 3500 m
" 5000 km ., 3000 m
’ 6500 km 1500 m

L3

According to the\tab]e.abqve, Eﬁe farther. you a

3 o

-

+

-

L

re from the equator

© Y "
Grade 8 “Grade 12

[} k4

. ’ . . ’,/’7 y
! . A
the hi ghgr the tf‘ee]'ine. . ¢ e o o o// o o 12* . 5
the lower the treeline. . . . .,f/:~h g o 63* = - 79%
= & . | .
. P . ,
the taller the trees. . ,=v v v v o ¢« v 2 . . 4 2 X
7 ‘ R | q’
the«smaller the trees. . T\>\< R e § 9 '
‘ ‘I d0n 't knOW. . . * » ‘o . . 0“3 ‘o . o\\“-’ . 0,;. . * " ’ 9 5
* correct response ya " ’
3 ¢ “\ﬁ L -
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- 'Ideﬁf%fy and Control Variables ‘ ~ )

Central to experimentation is the identification of suitable variables whose-

valies can change (independent), that can_be, observed (dependent or responding),

. or that can be controlled. Since experimentation is one method which is dniquely
scientific, this process is considered. to be of great importance in science

-

. »  teaching. Upper grade elementary school pupiks should have encountered .
- situations requiring them to think about the variables involved, in an experiment. .
he frequent use of the "I don't know" response by Grade 8 pupils indicates an .

ungxpected and disturbing degree of unfamiliarity with” this process. While the

. Panel rated performance on this process "Satisfactory" at the Grade 12 level, it

“indicated that it actually had higher expectations for student performance. A

fairly typical question for this objective is the one below which was ‘used.at the

Grade 12 level. Its difficulty was nearly average for the objective, yet it is

hard to see how approximately one-fourth of the students; chose option B whey the

stem of the question clearly states that two kinds of cloth were used. ‘The con-.
cept. of holding:a variable constant seems poorly understood by many students.

-

<" | Grade 12--x16 i . S \
" | Which variable below must be -held constant if you want to find out which
“of two kinds of cloth absorbs water better? ‘ : .
" The aength.éf time the cloths are: in Later C e e e .‘. : .. 5%
The kind_ of cloth. . A e e .._22_ :
The colour of the cloth .-.;. R I RIS
i' The height that the water rises in each cloth.. .., .. .. . 14
L don't know e e e i e e e e 4
.- *.correct responsé . e | ' ,
i.3.g Domain 2:-Knowl edge--recall and“underﬁtan%‘ ‘ 5
;; T%e ‘élementa}y éc;encé' Curriculum Guide éﬁades 1-7 (1981) .Gbal c
sFates the-fo]]gwing:‘ R ‘ , .
~ . K ‘The Eleméentary ’Séhool ‘Scignce Program should develop in- student;

P

scientific knowledge.

d The "student should demonstrate and apply knowledge of the following:

-




facts, genera11zat1ons, concepts, pr1nc1p1es, and laws;
scientific vocabulary; °

relationships between various scientific d1sc1p11nes,

the history, philosophy, and nature of rscience;

the app11cat1on and - 11m1tat10ns of sc1ence in the pract1ca]
world: (page 9) .

0000 o

While the proposed Jun1or science program amplifies some gf these areas of
. know]edge, it follows the same outline. The knowledge domain, as deyeloped for
the assessment, added a tomponent on knowledge of safety procedures and it
assessed the ab111ty to apply facts, generalizations, concept§?‘pr1nc1p]es and
- laws in the higher thinking doma1n (see Figure 2).

Table 2.5 surmarizes pupil performance and the Interpretation Panels'
ratings in the knowledge domain. : ‘ o
. _“\\. ' >

Table 2.5: Domain 2-—Know1edge--reca11 and understand: Results and Panel Ratings

S

4
"

* 5 Number of Items ®
Grade/0Objective Rated by Panel in Each ~ Mean Pe%cent~ Overall

. Category Correct Rating
W M S VS ST Total Obj. Domain 0bj. -Domain

Grade 4
Biological, Physical and

Earth/Space Concepts 1 9 6 2 0 18 .54.8 M.
Applications of Science . )
(Technology) and 'the - o
Nature of Science 013 2 0. 6 66.8 S
Safety Procedures 313 1 1 9 - 688~ M
: PP 60.8 .* M .
Grade 8 ’ . g ) ‘
Biological, Physical and .
Earth/Space Concepts 6 813 6 0 33 . 53.1 . S
._Applications of Science ( ' AN
(Technology) and the . .
Nature of Science 1 83 0 .0 12 49.8 M
Safety Procedures 2 5 5-0 0- 12 65.6 W
: : 55.1 No Rating
\ : Given
Grade 12 T - ~—
B1olog1ca1 Physical and . . x
Earth/Sp&a’e Concepts, 0.6 9. 1 0 16 52.4 M
Applications of Science C e L
(Technology) and the \
Nature of Science 0 23 1 O 6 59.6 S
Safety Procedures 2 4 2 0 0 8 - 55.6 M
s ) . 54,6 .M
R
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Two of the three Interpretation Panels independently judged pupil’ perfor-
mance in this domain as "Marginal". It is noted that two of the three "Satisfac-
tory" ratings given were for objectives which had very few items.

-

Biological, Physical and Earth/Space Concepts

In this objective,  an attempt was médé'?to"”évalugte pupils' knowledge of
basic vocabulary, facts, generaTizations, concepts, principles and laws. Ques-
tipons were at the level of recall or .comprehension. At all three grade leVels,
many of the questions asked were change items (repeated from the 1978 -Assess-
ment). Since there is scope for different curriculum choices in the elementary
grades, any new question used at the Grade 4 or 8 level had to relate to a topic
in at least two of the three major programs. - The following question is typical

of a knowledge item used at both 'Grade 4 and Grade 8. | .
M »«i_ a2 . 4
rade 4--Y14  Grade 8--X37 - ‘ ® )

-5

«Seeds come from which one of the following parts of a plant?

Grade 4 Grade 8

Bark . . ... . .. .. R R TR * g .
TOFlower .« ... ... C R L 70%

Leaf . 0oL e s 7

Root .. /. : T T 1) 8'

Stem. . . .. .. I T I e 9 6

Idon't know + v . . . u . e e e e e e 6 .5

* correct response - . .
** At Grade 4 the option "Bark" was not included.

) L A\ W3 hd

b
< e R
. =

- The Grade 4 item has one less distractor than the Grade 8 item sinte there
-Was a need to keep. the reading level appropriate at Grade 4. Note too the
“improvement in the number of pupils selecting the correct option, from 50% at
Grade 4 to 70% at Grade 8. Even so, considering pupils' contacts with plants
both inside and outside of school, 'it is surprising that more than one-fourth of

@ “the Grade 8 pupils were unable to choose the correct ‘answer. This question- was

* also asked at both grade levels in the 1978 Assessment with very similar results.

The following item was uSed at both Grade 8 and Grade 12, It also was re-
peated from the 1978 Assessment. ~ . ~

. - - 21 - .

.

’




»

1

Grade 8--X31 Grade 12--Y18 ‘ o
- Green Pplants are imp?rtant to animals becagse"the plants ¥
‘ Grade 8 Grade 12 -
%;% nsume both food and oxygen. . . . . .’; oo 16 1
| consume food and give off oxygen. . . . . . . . . . 15 _;_g_ i
g ﬁ“ consume food and give off carbon d}oxide. N :\’ 8 4
‘ produce food and give off oxygen. . . . . . .. . 43* 64*
produce food and give off carbon dioxidé. cew . 11 5
Idon't kndw.” « v v v v v v v v i i e s s e e 6 __5:

3 v
*scorrect response -

-
o .

«  Again, there is significant growth from Grade 8 to 12. The 1978 results 1
were very similar: 1% higher in Grade 12, 2% lower in Grade 8. It is disappoint- |
ing,, however, that more than one- th1rd of the pupils about _to graduate.. from @
secondary school fa11ed to understand the photosynthet1c re]at1onsh1p which is .
the energy basis for almost all life on earth. The question also illustrates the
typical male-female differences on knowledge items, although the sex-related .
difference hére is larger than normal. At Grade 12 on this item, the mean per-
cent correct for boys was 71 and.for girls 57. At Grade 8, the mean percent
correct for the boys was 49 and girls 38.

It was only at Grade 8 that the Interpretation Panel judged the performance,
of pupils to be "Satisfactory" in knowledge of science concepts. At Grade 4,
although assessment of processes was .stressed, the low scores are possibly the
result of primary teachers often giving 1nsuff1c1ent time to teaching science. '
The Grade 12 Panel strongly stressed that students showed an "inadequacy of know-
ledge". At both Grade 8 and 12, achievement in earth/space sciences was below
that in the other science content areas.

Applications of Sciencé (Technology) and the Nature of Science

1

Science and society interact in many ways. For instance, science has
affected society enormously by creating many technological changes. The pupils' \
knowlédge of these app]ications was assessed in the knowledge domain of the 1982
Assessment. Another way in which scierce has affected society is by providing a |
set of modes and criteria for thinking. , In the 1978 Assessment, this sub- °
objective was called Scientific Literacy. Knowledge of thinking modes was com-
bined with knowledge of applications to produce a 1982 Assessment objective.

W
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Note that only a small number of ‘items was used to assess this objectivé at
Grades 4 and 12, and the knowledge displayed by students was’ judged to be “"Satis-
factory". At Grade 8, where a substantial number of items were used, the results

were. judged to be “Marginal".. The Interpretation Panels at both Grades 8 and 12

ing.

Question Y35, reproduced below, is one item used to test knowledge of apb]i-
cations at Grade 8. It illustrates an interesting point about the application of
science in medicine in that a successful technique may soon make obscure the
disease against which it operates. Some Interpretation Panel members felt that,

in ,this case, pupils may not have' known:about polio. This explanation may par-’

tially account for the choice of the second option, by many pupils.

»

Grade 8--Y35 ' ] .

Today, almost no one .gets polio because
bad water,. which used to cause polio, has bgen’c1eaned~up. e . 3

doctors have found new drugs which cure polio. . . . . . . . . 18

# ’ —-

people eat better food and get more exescise to stay healthy. - ’8

people are given a vacgine which keeps them from gettipg polio. 63*

Idon't know. v v v v v & v v v v ..

* correct response

Grade 8 Item X30 was designed: to measure knowledge of the nature of _science.
The pupils' responses suggest Lhat most have not yet learned clear distinctions
between different kinds of scientific statements. Another item, Grade 8 Item
X12, asked pupils to differentiate between a theoretical and observational state-
ment and produced only a 52% correct response at Grade 8. Even at Grade 12, one-
third of the students were unable to make this distinction on a similar question.

:

Safety Procedures

Questions on the knowledge of safety procedures were of two types. Most of
the items asked pupils to choose the safe procedure from a set of—options, A few
items asked what the hazard was in a particular situation. The Interpretation
Panels at all three grade levels had-very high expectations for pupils' knowledge
about safety, and the relatively high mean percents correct at Grades 4 and 8
were still not considered adequate. AlT three panels judged the results on this
objective to be "Marginal" or "Weak". ..Becommendations regarding steps to improve
safety and pupils' knowledge of safe procedures are prominent in the 14st chapter
of this report. ‘¢
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A typical safety item, used at both Grade 8 and 12, follows.

Grade 8--734  Grade 12--Y16
Look at the 'diagrams Helow. -
. A §7 ‘ ~
ZS) 5 b
. A B C D
Which is the correct method of heating a liquid in g,kest tube?
: ' " Grade 8 Grade 12
A e e e e R V- 67
. B ooooooooooo Y .o e o+ ® e e s e, . * 45" 13
. C v v v v v v v v e e e e e e e e e .« . 10, .4
) w-o - M 13
T don't KNOW « v ¢ v v v v v 4 e v o s 0 4 o s » 2 "3
) * corrgct response -, . , ’:ﬁg?' Too ‘ . ‘ -
. a . — _ —

It ds éﬁcouggg?hg to note that the percentage of correct responses to this

quesgjoﬁ more than doublés from Grade 8 to 12.. It is discouraging that one-third

e the- Grade 12 pupils chose fhcorrect options dlthough all of them myst have

. ~ heated test tubes of "liquid in junior ,secondary schools. An obvious conclusion

:is that teachers in all .grades need to focus. more attention on teaching safety in
science. - -

.

2.3.3. Domain 3--Higher Level Thinking " -

" At the Grade 4 and 8 levels, this domain consisted of two objectives: the
application of scientific knowledge to new situations and the use of critical,
rational, and forimdl thinking. As far as possible, these objectives adhered to
the definitions in the curriculum guides. At the Grade 12 level, the two objec-

tives used were ‘given descriptive terms. Table 2.6 summarizes the pupsds' per- ‘
(j/ formance and the Panel ratings for the Higher Léevel Thinking domain. "
,\V ‘ v . . s , .
/ [N

. ! , B 3
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W Table 2.6: Domain 3--Higher Level Thinking: Results and Panel. Ratings
- Number of Items . )
Grade/Objecti ve Rated by Panel in Each  Mean Percent Qverall
’ Category ' Correct Rating
W M S VS ST Totar Obj. Domain 0bj. Domain
’Grade 4 , . : .
Apply Biological, Physi-
cal and Earth/Space - L ;
Concepts - 1.3 3 072 9 57.5 S
Use Rational and ‘ .
Critical Thinking 0-0 3 3 0 6 71.7 vs 7
. ) 63.2 S
Grade 8 , N
Apply Biological, Rhysi-
cal "and Earth/Space
Concepts 1 55 4 0 15 49,7 S
Use Rational and v : :
Critical Thinking 33 4 2 0 12 45,9 M
’ : o - » T 48.0 ) M3
Grade 12 . )
Evaluate Evidence -~ - \ .
~ for.Conclusions 1 22 0 1 6 58.3 M
Solve Abstract Problems 2 4 6 0 ¢ 12 44.7 M
. 49.2 M

.

e

Grade 4 pupils were expected to have
Their performance was -pleasantly

Because of their age and experience,
limited ability in higher level thinking.
surprising. ,

y Pupils were judged able to apply knowledge at a "Sat-

judged "Marginal" on Use Rational and Critical Think-
dng. The Panel stated that teachers need in-seryice training in teaching both
process and critical thinking skills, : : .

-

At the Grade 8 level
isfactory" level but were

For this domain, the performance of Grade 12 students was deemed to be "Mar-
ginal" and much concern was expressed becuase of the importance of thinking. at
higher~evels in out-of-school situations. Teacher-made tes were criticized by
the Interpretation Panels for their frequent failure to r quire higher level
thinking. ° g :

Apply Biological, Physical and Earth/Space Concepts’ .

" Application is the ability ‘to recognize appropriate principles or concepts
an(; to use them in new situations. To correct]y answer a question at the

© - 25 -
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application level,-a pupil must possess the requisite knowledge and then use it
errectly. However, the problem situations used in an Assessment question may
ot have been new to some pupils and some pupils may, therefore, have been able
o answer .on the basis of knowledge alohe. ‘The Grade 8 question (Y37) illus-
thates these points. In order to answer this question at the application level,
pQ?i]s needed to know the forms of energy and to have some basic ideas of how a

cag engine works. It is possible, but not Jikely, that pupils had egcountered
th%f situation previous]y, and therefore recalled the correct answer.
8 .

3

. ‘Erade 8--Y37

ﬁrich of the following is described ry this sequence of energy changes?
3

1
- i

3 Chemical-Energy

3
S

{
{

>' Heat efergy*;-——:—> Meghanica] energy [
: —_—— (with wasted heat) )
. , -

%

k1

A flashlight is turned on. . . .

3

%
4
3

_9
i{A candle is burned. 9

k)
¥

Gasoline is burned tO POWEr @ Car. « « « v & o o o« o o o . . _46%

'

.Y :
. Blectric current is used to run a refrigerator.

T
— —
(Vo) (e V3

. ‘I‘ﬁdon't/know. e e e e 4 e s et
Y
}

il

’ £
K]

* corregt response
4

% o

Use .Rational and Critical Thinking

To thinkérationa]]y is to seek natural causes for events. To think criti-
cally is to eyaluate statements for bias or assumptions, for logical coherence,
and for congruience with adequate data bases or with other statements. It also
includes drawing the best conclusions possible from inadequate data. Even at the
« Grade 4 level,-it was possible to Construct valid questions to sample this objec-

“tive. Question Y17 asked Grade 4 pupils to identify the point of view (bias) of
the person who wrote the given selection. It also.¥llustrates a problem in

-assessing this objective: the need to provide pupils with adequate information on
which to base their thinking: :




-

—-—-—-—n.---———-——-q-—————————-—--———————-—-—————————————-ﬁ—----——---‘----

frash causes problems. It pollutes air, water, and soil. " Trash can g
harm people by making them sick. Sometimes, rats live in trash. - .

Cleaning up litter costs a Jot of money."Cities and provinces have to ‘
hire people to pick up trash after games,and picnics. If people make
too much trash in years to come, what will happen? What can people do

about $t right away? . ] S
ﬁhe person whg wrote this probably wants ,.“3 .
- biéger garbage dumps made. . . ., .. .. .. e e . 1

more people hired to pick'up garbage. . . . . .. Y L

’ people to make less garbage. . . . . . . T 1
‘ someone to ki]f:rats. e e e e e e e e e e e o e v oo o 4 .
Idon't know. . . . ..., .. e e e e T e oo 4
* correct response ‘ , : S

Solve Abstract Problems

This objective, used at the Grade 12 level, consisted entirely of questions
repeated from the 1978 Assessment. One such example is Question Y10.

“ Grade 12--Y10°

A man whose blood type is OA marries a woman whose blood type is 0B.
Their offspring could not have which of the following b]ood_types?'

M e 50 o
AB_l_(_)__ :
OA L v e e e a2 '
0B v v e e e :

00 . ..., e e e cee. 18

I donlt knOW e & & e e e+ s e o ¢ o ¢ & * & e e & ¢ ¢ o & o @ 1 -

-~

* correct response

-4 -2 -
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2.3.4 Achievement By Grades -
3 N . '7__’; . * - e
Table 2.7 summarizes.the Interpretation Panel ratings referred to*in earlier
sections? ' " ’

. . |
Table 2.7: Summary of Interpretation Panel Ratings of Pupil Achievement
. by Grade and Objective .
" DOMAIN/OBJECTIVE Grade 4 . Grade 8 Grade 12
~ DOMAIN 1--Science Processes . S No Rating* M,
Objective: \ )
Observe and Infer . . VS . - -
Classify S VS . ——
Communicate - . S ) ’ VS . --
Quantify Mo - -
. Intefpret Data. . - - . S ‘ M "
: Identify and Control® - - ' o s . b
Variables - - W S :
DOMAIN 2--Knowledge--recall and < \ )
understand M o No Rating* M
'Objecfive: - -
Biological, Physical and :
Earth/Space Concepts M .S M
Applications of Science (Technology) " . T
and the Nature of Science S M- S
> Safety Procedures M W v M
DOMAIN 3--Higher Level Thinking s M-S Mo
Objective: . :
Apply Biological, Physical and ‘ . .
Earth/Space Concepts S S --
Use Rational and ’
Critical Thinking N M L
Evaluate Evidence for
. -Conclusions -- © - M
Solve Abstract Problems -- -- M

* The Grade 8 Interpretatioh Panel felt that variability of performante within
this gomain was too great fof*a single rating to be meaningful., . *

v

Grade Four

The Grade 4 Assessment forms stressed four science processeé. Pupils |
achieved well on questions relating to observation and classification but only P

¢
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marginally on questions relating to communication in science and to quantifica-
tion. - '

Although the AsSessmént gave Wgss stress tofmedsurement in the‘Knowledge

domain, the results of pupil achievement‘TN'knowledgé’of basic science ‘concepts
were found to be disappointing,

For‘ the level of knowledge which they possess} the Grade 4 pupils were

Judged to be able to apply it satisfactorily and able to. employ the skills of
critical thinking that were’ measured. . .

The overall picture from the 6Grade 4 results is that pupils are learning
certain basic science processes well, that knowledge of concepts may be under-
emphasized, and that higher level thinking is being adequatedly developed. - As
will be shown in Chapter 3, the amount of time given to science in the primary
grades seems to be inadequate for doing the job well, and many teachers are not
using as much time as recommended by the Ministry for sciehce.teaching. )

Grade 8 . ‘ . “ ' o

The Interpretation Panel ratings for the objectives in Grade 8 were more
variable than those in the other grades, dnd_therefore the Panel could not Give
meaningful domain ratings in two of, the three "domains.

Pupil achievement was considered to be. very good in the two basic processes
of classificqtion and communication which are stressed- in the primary grades and
further developed in the intermediate years. On the two integrated processes
assessed, pupils were judged "Satisfactory" 1in interpreting data but "Weak" in
identification and control of variables, ; ’

?

The Assessment explored knowledge. of science concepts quite extensively -at
Grade 8, and. found that pupils had a satisfactory knowledge of elementary science
facts and concepts, with the exception that knowledge in earth science seemed
weaker than in other areas. However, know]edge of the uses of science and of the
natyre of science was only "Marginal"._ , L ’

v 4

The overall picture “From the Grade 8 Assessment is that pupils are ‘leaving
elempentary school with an adequate knowledge“of basic science concepts, with anh
ability to apply this knowledge in simple situations, and with wel 1-developed
skills.in at least some basic processes. However, they have inadequate knowledge
of the nature and utility of science, and they show less than satisfactory abili-
ty in scientific reasoning. N

Grade 12 ~

-t

The Interpretafion Panel Judged achie@ement in all three domains at the
Grade 12 1level as “Marginal", and gave the same rating to five of the seven
objectives. . .

-
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In the Science Processes domain, pupils' performance on the questions-~rela-
ting to the Tdentification and control of variables was rated as "Satisfactory".
The ability of Grade 12 pupils to interpret data from graphs and tables. was
judged to be "Marginal". Since these two processes are vital to scientific
thinking, it is disappointing that the results are not higher for pupils so near
the end of their public’schooling. < .

£ . s - - « P
Pupils' knowledge of scientific concepts was also judged "Marginal", . as was
thdir knowledge of safety procedures. The only "Satisfactory" rating in the

kndéwledge domain was for Applications of Science (Technology’) and the Nature of
Scierce. . , . o

LI

In the Higher Level Thinking domain, where pupils were required to ‘apply
scientific knowledge to new situations or to select appropriate conclusions based -
on data, the results were judged."Marginal™. ¢ ) o

\ o I3

The overall picture from the Grade 12 Assessment is discouraging. In no
areas assessed could it be said that pupils were achieving well. A substantial
number of Grade 12 pupils had completed, or were about to complete, their last
formal course in science. It is disheartening, .therefore, to learn that ' many
secondary school graduates do not’ have adequate knowledge of basic science con-
cepts, cannot use some of the central processes 6f science adequately, and”do not
apply scientific knowledge well. .- ’

The ContractsTeam hopes that apbrdpriaté implementation, ileuding extensive
in-service, of the reévised junior secondary science curriculum will do ruch to
remedy this situations ' “

2.3.5 Comparisons with 1978 a

. Because of differences in procedures in administering the achievement forms

at the Grade 4 level, direct comparisons between 1978 and 1982 cannot be made.

_When judgements of ‘the Interpretation Panels of the two Assessments are compared,

one finds that, in 1978, there was overall satisfaction with the success of the

primary program, but, in 1982, there are now a number of concerns as well as
areas of strength: ’

e .

The overall performance of Grade 8 pupils in 1982 was very similar to that

in 1978 on Assessment questions which were repeated,. and, on these, the 1982

Interpretation Panels' ratings were similar to those in 1978. The areas in which

change was assessed were given "Satisfactory" ratings. The areas of, Grade 8

weakness in 1982 that caused concern are areas which were not explored in 1978.
» Table 2.8 summarizes the change domains for Grades 8 and 12.

B
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Table 2.8: Pupil Performance on éhange Domains,

-
L)

1978 and 1982

Grade /Domain Number of Items

L

. 1978 Mean
Percent Correct . Percent Correct

1982 Mean -

Grade 8

Processes 9
Knowledge ™) ¥

Grade 12
Knowledge 15 .
Higher Level Thinking 12

.

55,9 56.0
55,2 56,7
54,3 . 52.4
46.6 44.6

v
a

&

The overall
percent below that
overall 1982 Panel
weaknesseg in pupil
Panel had lower expe
12 .pupils are fallin

of 1978 on the items which
.ratings were higher than
achievement,

ctations than the 1978 Pa

"

performance of Grade 12 pupils

It would be fair to say that,
g below these éxpectations.”

2,3.6 Sex-Related Differences in Achievement:

g —

Y

in 1982 was apbroximate]y ‘two
ared in both Assessments. The

1 indicated
hi

‘ Te the 1982
1 for Grade 12 perfor

appe
those of 1978 but

ne mance, Grade

-

Table 2.9 shows the differences
samples of approximatelyPIO%_oﬁ’thOSe W
table includes a sample of Grade 10 sty

The outstanding finding of the anal
that there is. a significant
concepts between boys and gi
primary grades and persists th
grades, there are small differences
Science Processes, but these are eras
exist at Grade 12 favour boys.
that different processes were test
wherever knowledge of scientific
performance (as in Hig

ysis
and substantial
rls, in favo

ed at diff
concepts
her Level Thinking at

e
i

ur of boys.-
roughout the school years,
in favour of girls'
ed by Grade 8,

However, this findin

arade 8 and Grade 12)

3

in achievement between boys and girls on
ho wrote the achievement instruments. The
dents as well as Grades 4, 8, and 12,

.

of achievement resy]
difference i

ts by sex was

This trend 'begins in the

In the early elementary
achievement in the
and the differences which
g may be due to the fact
rent grades. Boys outperform girls
S necessary as a prerequisite to

-
.

n knowledge of science'
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JTable *2.9: Sex-Related Differences in ‘Achievement

©

44

DOMAIN/OBJEGTIVE » Grade 4 Grade 8 Grade 10 - Grade 12
DOMAIN 1—{Science Processes G** ns ns Bx*
Objective: -
Observe and Infera G** - - -
Classify ' ns ns - -
Communicate _G* B* - --
Quantify ns - . -- -
Interpret Data -- ns Bx* B**
Idenatify and Control ,
Variables -- G* t~ ns ns
DOMAIN 2-—Kﬁow1edge--reca11 and .
. + understand Bx* Bx* Bx* B**
Objective: ‘ .
BioTogical, Physical and, .
Earth/Space «Concepts B** B* Bx* B**
Applications of Science
(Technology) and the ~ .
Nature of Science ns ns Gr* Gx*
Safety Procedures G** ns o B B**
DOMAIN 3--Higher Level Thinking * ns Bx* - B B**
Objective: ‘
Apply Biological, Physical
and Earth/Space Concepts RS Bx* N . --
Use Rattorfal and Critical .
Thinking KN ns B** -- -
Evaluate Evidence fon
.Conclusions * -- -— B* B** |
Solye Abstract Problems . -- B** B*x*
ns = not significant G--Girls' mean exceeds 2oys‘ mean
*p < .05 B--Boys' mean exceeds Girls' mean
** p < ,01
‘ = 32 - .

.+
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2.3.7 Differences Related to lLanguage Background ‘\\ . "

v

’

At all grade levels, pupils who most commonly speak a language other than *,

English had lower mean scores on all domains and objectives, and the statistical-

ly significant differences were usually substantial (between 4.2% and 9.7% on
domain means). This group of pupils-is being constantly replenished by imnigra-
tion of non-English speakers to British Columbja while also being depleted by
families moving to English- as their most comhon language.  When - domain mean
scores of those whose first language wds not English are also examined, such mean’
scores lie between those who currently speak English at home and those who cur-
rently speak another language at home. The difference between these means and

the means of those who now speak English at home decreases with increasing grade
level. The overall picture is that failure to speak English at home is related

to poorer performance in science. The size of the deficit is reduced; and per- _..
haps eventually erased, by increasing familiarity with English acquired by learn-

ing to use it at home and by using it as the language of learning in school,

2.3.8" Other Differences D :

4

In the Grade 12 Assessment it was found, as expected, that mean performance
was closely and positively rélated to the. amount of science taken since Grade 10
and that a sample of current Grade 10 pupils had better scores than Grade 12
pupils who had taken no senior secondary science courses. ' ‘

Grade 12 pupils who planned to go to university or college outperformed
those who had other plans or who had not yet formulated plans, Pupils whose
plans included scientific study performed much better than those who flanned
further studyj in non-scientific “areas. Figure 3 shows Grade 12 pupil achievement
in relation to the number of science courses taken in the senior secondary
grades.
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CHAPTER 3 ¢

SCIENCE TEACHERS: BACKGROUNDS AND OPINIONS
In order to identify the current context of science teaching in *British —
Columbia, to document current classroom practices and to assess changes since the
British Columbia Science Assessment 1978, responses -were sought from teachers of
science through the ise of questionnaires. The questionnaires, one for elemen-
tary and ene_for secondary teachers, were modifications of the ones used in 1978,
After a ijef description of the teacher samples, this chapter presents a summary

of the major findings from the questionaires which are detailed in Chapters 6 and
7 of the 1982 British Columbia Science AssesSiment: General Report.

Samples of teachers were selected to participate in the Assessment. Exclu-
ded were=all principals, vice-principals, school district staff, and any teacher
who had been previously selected to answer a Science Council of Canada Science
Education Survey questionnaire. A total of 1322 elementary and 529 secondary
teachers completed the questionnaires. These totals represented a return rate of
over 80%. The samples were considered representative of the sciencg’ teaching
population in British Columbia,

| :

3.1 Teacher Charécteristics: Age, Gender, and Teachiﬁg Experience

Since the 1978 Assessment, the. median ages of teachers from all school

* levels have increased by about two years, Similarly, the medians of teaching
experiences have also increased by about “two years, In 1982,* the median
experience was 10 years for both elementary and junior secondary teachers and 13
years for senior secondary teachers. British Columbia science teachers. are thus
an-.aging population and are becoming more distant in time from their pre-service
training. !

- At 411 levels, the mean age of fermales is less than that of males.” ‘Females
tend to drop out of teaching for periods of, time with many returning to teaching
at the elementary level but rarely at the chondary level. There is a failure
at the" secondary level both to recruit young women and to retain most of those
few women who start out teaching science. ) { * "

At the secondary levels, both in 1978 and 1982, the 'majority of teachers -
were male. Even though there was a small increase since 1978 in the number of
females: at the jiMor secondary level, nine out of ten secondary teachers in 1982
were male. At the elementary tevel, there was a slight increase in the; number of
male teachers over the four-year ‘period, but females stild comprise 62% of the

. teachers. At the elementary level, males are used as science specialists to a
greater extent than females, consistent with their typically more’ extensive
science backgrounds.,




3.3 Céjrdination of the Science Programs

3.2 Teacher Characteristics: Science Background

part1cu1ar1y in the case of fema One-fourth of the elementary teacRhers have
not tiken™"as much as one- 3-unitNcourse in science, at the university/college
level. At the secondary 1level, the sen1or teachers have stronger backgrounds
than the junior teachers. JThe typ1ca1 junior secondary teacher is adequately
prepared in the - biological sciences but usually not in the physical or earth/
space sciences. '

The science background of\ﬁziihers in elementary schools is usually weak,
S.

* . Almost all senior secondary school teachers feel adequate]y prepared to
teach science, but a small percentage of junior secondary Science teachers fee]
unprepared, and 42% of elementary school teachers feel less thay adequately pre-
pared.

{%

One of the strong reconmendations from the 1978 Science Assessment was for
increased coordination of science at the school and district levels. It appears,
that some progress has been made in secondary schools, but not enough has been
done at the district level. Half of those responding to the questionnaire indi-
cated no district coordination. In-school coordination at the elementary level

.remains inadequate.

o~

3.4 Physical Facilities, Materials, and Equipment for Teaching Science

In 1982, there still seems to be a lack of storage and. preparation facili-
ties and suitable classrooms for teaching elementary science. At the secondary
1evelj facilities are inadequate in many junior schools. ’

Provision and inspection of safety equipment are still unacceptable at both
the elementary and secondary school levels. However, some ipprovement since
1978 is noted in secondary schools.

Elementary teachers are still exper1enc1ng difficulty with equipment and
materials, part1cu1ar1y in terms of poor quality. The situation at the secondary
level has improved somewhat since 1978, but problems remain in small junior
secondary schools. Many teachers at both the elementary and junior secondary
levels find that they have “to adapt their teaching because of lack of equipment.

Compared to 1978, moﬁe teachers at all levels report that science reading
materials 'are less than adequate, in both quality and quantity.

\
3.5 Worth of the British Columbia Science” Program - P

_ While elementary and junior secondary teachers see some worth in the British
Columbia science program, they fall below the senior secondary teachers in their

A
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' estimations of worth, even though the senior secondary'tegchers have signifi-
cantly lowered their ratings since 1978. The elementary and  junior secondary
teacpers' feelings—of~ inadequacy of preparation for .teaching seem to be related.
to thsir perceptions of program worth. « .
. N ) ) ‘

\ o ,
3.6 Assignments in Science: Satisfaction in and Time Spent in Teaching Science

E]e%&qtary and senior secondary teachers seem to be satisfied teaching
science atyitheir present level, -but the Junior secondary teachers appear ‘to be
Tess conteﬁ%kwith their assignments, a situation similar to that in 1978. Many .
of the lattek, expressed a desire to teach at least some sepior secondary courses.

\
W e —
teachers are geneEElly not spending the recomménded time ~in

teaching sciencty This situation correlates highly with their lack of scientific' .
background. Atﬁxhe secondary level, there is a strong trend toward increasing

specialdzation irteaching science, but such a tendency is not evident .at the

9

& Programs: Teachers' Suggestions for Improvement

Teachers at -all 155-15 expressed._ commen sudgestions fér change.. The three
'\"g !

® the provision of B
® background informatipn for teachers } X .
® provision to help ex@eptional pupils, both gifted and handicapped
Other highly rated sugges®ions included the need for more adequate reading
resources, increased use of sp~3ialist science teachers in elementary schools,
-and the need for science programs g

Most teachers felt that their ini¥jal preparation for teaching science was
inadequate. Only 30% of the teachers %helieved their pre-service training was
-adequate or better. Even among senior seﬁgndary teachers (who rated their train-
$52% felt the initial training to have

ing more highly than other teachers), only®
been adequate or better.

Given a list of teacher education topics.
ponent should receive greater emphasis’ than it s
education. Tables 3.1 and 3.2 present teachers¥ratings of what were, and what
should be, major components of pre-service e§§%

\gation for science teachers.
Particular attention is called to the large discfepancy between the emphasis

which should be and the time which was given to the Qif of Laboratory Safety.

o ‘\A:
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_ Table 3.1: Emphasis that Should Be and Emphasis that Was Placed on ™
< Elementary Teacher Education Components
) (Rank by Emphasis Component Should Receive)
Rank of Emphasis Number of . R : Medidn*
it Should Question Component Should Was
Receive '
N 4
1 . (15f> Practice in Teaching Science 3.65 2.22
2 (13) Lesson Planning 3.44 2.81
3 . (1) Techniques of Teaching Science 3.41 2.19
. 4 (12) How to Develop *Curriculum &
.. Materials 3.36 - 1.90
) 5 (14) Preparation of Science Materials 3.34 2.12
6 ( 5) General Science . . 3.14 2.42
7 (4) Subject Matter in Specific Areas A
of Science 3.05 2.16
; 9 (16) -  Discussion of Problems of
S¢ience Teaching 3.01 1.47
9 (19) Laboratory Safety 3.01  © 1.32
. 9 - (22) . Use of Community Resources 3.01 1.45
" 11.5 (11) Survey of Available Curriculum
- Materials 2.98 1.76
11.5 " (23) Use of Audio-Visual Materials 2.98 1.88
. 13 (21) Integration With Other Subjects 2.92 1.68
14 (2) Techniques for Developing Reading
Skills in Science . 2.84 1.25
15 (3) Technique for Developing Writing _
. Skills in Science 2.76 1.23
- 16 ( 8) Testing/Evaluating/Grading in -
' " Science ) 2.74 1.71
17 . (18)1 Care and Maintenance of Equipment 2.55 .30
18 (17) Care and Observation of Animals
. in the Classroom 2.39 1.15
19 (7) Psychology of Learning 2.30 1.77
20 (9) . Child Psychology ) 2.27 1.69
21 (20) Special Education 2.25 1.11
22 (10) Theories of Intellectual
Development ‘ 2.07 1.48
, 23 p (.6). History and Philosophy of
Science - 1.79. 1.20
| - -é;
) * Scale from 1 (Very Little Emphasis) to 4 (Very Heavy_Emphasis)
‘ <
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Table 3.2: Emphasis that Should Be and Emphasis that Was Placed on -
Secondary Teacher Education Components‘(Mediansl

Techniques and topics rated on a scale* Junior Secondary  Senior Secondary
. - Should  Was Should Was
1. Techniques of teaching science " 3.69 2.38 3.66 2.64
2. Techniques forvdeveloping reading skills
in science _ 2.90 1.15 2.86 1.12
3. hniques for developing writing skills :
in science ' . 2.85  1.13 2.91 1.14
4, Subject matter in specific areas of
science ‘ 3.08 - 2.58 3.52 2.85
5. General science ‘ 3.05 2,27 3.03 2.19
6. History & philosophy of science 1.96  1.30+  2.20  1.38
7. Psychology of learning o 2.41 2.26 2.63 2.55
8 Testing/evaluating/grading in science 2,93 2.13 3.04 2.29
9. Psychology of adolescence 2.47 1.93 2.43 +  2.21
. 10, Theories of intellectual development 2,05 1.79 2.09 1.79
11.  Survey of available curriculum materials 2.81 1.70- 2.90 1.86
12. How tb develop curriculum materials 2.91 1.38 ° 2.93 1.58
~13.  Lesson planning . 3,18, 2.72 3.32 2.82
14. Preparation of science materials 3.160  1.90 “&-3.14 2.10 ,
15. Practice in teaching science . 3.85 2.87 . 3.85 2.99 %
16. Discussion of problems of science teaching 3.23 1.76 13,22 1.91°
17. Care and maintenance of animals in the N
classroom . : 2.15. 1.09 2.07 1.09
18. Care and maintenance of equipment 2.55 1.14 2,46 1.18
19. Laboratory safety T332 1,39 332 1.39
20. Special education "1.72 1.06 1.65 1.07
2l. Integration with other subjects - 1.79 1.12 2.34 1.11
22. Use of community resources 2.54 1.22 2.44 1.22
23, Use of audio-visual materials . 2.79 2.04 2.82 1.93

* Scale is from 1 (Very Little Emphasis) to 4 (Heavy Emphasis)
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3.9 Teacher Education: In-service

Nearly 50% of all teachers surveyed expressed the need for extensive in-

"service education. Almost all teachers were willing to participate in released-

time in-service, and a large proportion indicated they would participate after
school hours. The most preferred forms of in-service are also the easiest to
plan, so it was disturbing to discover that one-third of the teachers had
declared that such activities had not been planned in their districts. Teachers
who had experienced in-service training found these activities to be more effec-
tive in 1982 than in 1978. In view of the findings of this Assessment, in-
service requirements seem to command a very high priority.

-

3.10 Activities in Science Classrooms

Elementary science teachers reported using a wide variety of classroom acti-
vities, with verbal interaction activities and the consideration of observations
on data activities outranking hands-on manipulative activities. At the ‘secondary
level, teachers reported that performing experiments from instructions and
answering questions are more frequent pupil activities than are verbal interac-
tions. Pupils designing their own experiments was the least frequent activity at
all levels. - . , . . !

Among important elements of scientific procedure are such activities as
generalizing information to new problem situations, making graphs from experimen-
tal data, and designing and doing experiments. Junior secondary’ teachers use
these activities less often- than the Contract Team views as desirable. .The ip~
frequency of these activities in the classroom may have led ta some of the weak-
nesses in pupil performance which the results of the achievement forms and the
subsequent Interpretation Panel ratings showed (see Chapter 2). .

As .in 1978, the Contract Team agrees that secondary schools should examine
ways in which to obtain more time for science instruction.

e

3.11 Science at the Three Levels . :

~

E]ementérz ———_— S ¢

o
Since 1978, the textbook programs, STEM and Exploring Science, have become
available to most British Columbja elementary teachers, while the Materials Based

Program has become less available. Nearly three-fourths of the teachers used a
combination of programs, with a higher proportiei” of primary than intermediate
teachers doing so. The most commonly used materials were the Exploring Science

texts, with STEM texts having second place. Forty percent of the elementary
school teachérs reported that they lacked suffdicient materials to teach their
program. Exploring Science was the program with which most teachers had greatest
familiarity, while familiarity with the Materials Based Program has declined a
great deal since 1978. Teachers preferred the programs in the following order:

- 40 -
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Exploring Science, STEM and Materials Based. Most teachers preferred the program
with which they were most familiar. =

Teachers who were most familiar with, or Who preferred, Exploring Science
felt that it .was easy to prepare for, easy to teach, had readable texts and was
suitable to teacher backgrounds. Teachers who preferred STEM did so for a wide
variety of reasons, none of which was selected by a preponderance of teachers. -
Teachers most familiar with the Materials Based Program rated it very highly for
"its interest and relevance to pupils, the amount of pupil activity and the con-
tent selection. B

Junior Secondary

The Contract Team commends the Ministry of Education for work done so far on
the Junior Secondary Program, particularly the successful introduction of a
better Grade 9 program. The new Grade 9 textbook has received considerable
approval from teachers, Further improvement is also anticipated with the intro-
duction of the proposed new Junior secondary curriculum. .

One area of concern, however, 1is the lack of time spent in teaching ‘earth
science.

' [

Senior Secondary

The Biology 11 and 12 courses are causing increasing problems. Because of
" out-of-date or inappropriate texts and because of course content in Biology 12
which may be too extensive for the time available, a revision of the biology
curriculum may be indicated. Teachers reported that the new Physics 11 course is
an improvement over the old course, . ’

) 47
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3.12 Impact of the Britfsh Columbia Science Assessment 1978

Of concern must be the lack of impact that the 1978 Science Assessment had
on science education in British Columbia. Since teachers/ reported being unaware
of the 1978 results,_it is strongly suggested that districts make copies of both

++ the Pravincial Summary Report and the District Interpretation Report directly

ﬁé avai]ab]e:to all science teachers.

R
~

~




‘ , CHAPTER 4
RECOMMENDATIONS ARISING FROM THE 1982 BRITISH COLUMBIA SCIENCE ASSESSMENT

This chapter presents a numBer of recommendations that have arisen from
detailed studies of the data collected during the Assessment. Space limitations
in this Summary Report prevent reporting a complete rationale for each

recommendation. However, the interested reader is referred to the 1982 British

Columbia Science Assessment: General Report .for more specific information and

analyses.

4.1 Recommendations: Of Highest Priority

The Advisory Committee held two extensive discussions with the Contract Team
about thé significance of the findings from this Assessment and it was- agreed
that the area of teacher education, both in-service and pre-service, should be
singled out for special consideration and priority recommendations.

Factors such as facilities, materials and equipment, curriculum and
teaching-learning conditions are important in the teaching of science. However,
quality in these factors is secondary in importance to the quality of the
teaching force. Dedicated, competent and confident teachers are needed if
science is to be taught well. Confidence and competence are related to the
training one has for the job.

. The Assessment found that a large number of elementary school teachers have
no academic or professional courses in science or the teaching of science and,
therefore, must be considered inadequately prepared. There are even larger num-
bers who have minimal science backgrounds and who admit that they do not feel
adequately prepared. In contrast, at the secoridary level, most teachers feel
adequately prepared, and the data suggest that the vast majority of them have
taken course work in depth in at least one science area. There is evidence,
however, that many junior secondary teachers lack depth of background in physical
and in earth/space sciences, and 'a small percentage lack professional courses in
science teaching. \

The various groups involved with the Assessment are convinced that science
is more than a upique body of knowledge. They believe that there are scientif19
ways of obtaining knowledge and of thinking about the natural world. Central to
these beliefs are methods of systematic observation and experimentation, careful
presentation and interpretation of data, and evaluations of the interpretatfons
of others.' Because of these convictions, the Advisory Committee and the Contract
Tean set specifications for the assessment exercises -which stressed science
processes and critical thinking. Review Panels accepted the items in these areas
as valid reflections of the goals of the British Columbia science program. The
Interpretation Panels expressed most of their concerns and made most of their
recommendations in these areas. ‘

-
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The Contract Team and the Advisory Committee interpreted the data from the

. achievement forms, from the Interpretation Panels' deliberations, and from the

teacher questionnaires to mean that the unique features of science are not well
taught or well learned. . ’

.  There was unanimous agreement among all groups involved with the Assessment
that pupils must be taught in a safe environment, and must be taught safe
procedures. The "Marginal" or "Weak" Interpretation Panel ratings given on the
safety oBjective at all three levels cast doubts on the effectiveness of the
teaching. . )

' The teacher questionnaire data .strongly indicate that the teachers of
British Columbia are prepared to invest time ,and effort in improving their
competence as science teachers.

- When all the foregoihg factors are considered, it seems necessary that theres
be -an organized and concerted effort in British Columbia to improve the
competence of those teachers now in the field and to ensure that future teachers
are adequately prepared for the task which confronts them/

It is therefore recommended: .

.
Recommendation 1,

that the Program Implementation Branch of the Ministry of Education coordin-
ate the design, development and delivery of in-service programs for teachers
which will focus on theé following areas of need:

® how to teach science processes and critical thinking skills
® the development of an adedquate background of science know-
'ledge in areas stressed in the curriculum, in areas of weak-
- ness for elementary teachers, and in the physical, and
earth/space sciences for junior secondary teachers

® how to safely teach science
® how to teach safety to pupils

The Contract Team suggests that the provincial Science Advigory Committee

guide the design and” development process. For junior secondary teachers, the

» program should be linked to the implementation of the new curriculum. It is

further suggested .that, as far as possible, the delivery of these in-service

programs be -in forms which teachers find most helpful--informal meetings with

other science teachers, workshops conducted by teachers and visits to model

classrooms. One of the priority needs ‘expressed by teachers was for background

information relating to the science curriculum. Such sources of information must '
be accessible to teachers. .

-
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-Ways to prepare arid provide background information for both elementary <and
junior secondary teachers must be developed. Various groups,® such as_the B.C.
Science Teachers' Association and university personnel, should be consulted.
The preparation of the source book for junior: secondary science teachers might
provide a model for this ‘process. : ’ *

.

. . * * *

b 9

- Recommendation 2. o

‘ ©
(3 - B

that the following actions be taken with respect to the pre-service trajning’
" of teachers: : . ¢

®. the Faculties of Education should revise teacher education
programs:as needed to ensure that: ¢ ‘ o
(1) all pre-sefvice elementary teachers experience science
study to.a minimum of 1 3-uni}\course or equivalent at:
the university/college level, éand .7

K4

-

(ii) all pre-service elementary teachers take‘a course in

science teaching methodology ,

® the Faculties of Education should give greater emphasis to

‘each of the techniques and topics identified by teachers to

be most inadequately emphasized in their pre-service
training (See Tables 3.1 and 3.2) >

® thé Ministry of Education should revise certification guide-
lines to reflect the above

—

4.2 Further Recommendations

L}

Throughout thids report, recomnendations are made. wherever the analysis of
the data identifies a need. Sometimes, similar recommendations are made in dif-
ferent places. The following @ections collect these recommendations and: combfne
them. In addition, the text of the report' often suggests or urges desirable
courses of action. For brevity, these suggestions have not been reprinted in

this chapter.

4.2.1 Recommendations to the Ministry of Education,.Province of British
Columbia = ° . ' ,

. 9
° .

Not Bnly must‘thé'scignce teachers be know]gggeable abouf safety in science
teaching, but the conditions under which science is taught must be safe.

A
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It is therefore recommended: e . ) ¢

Recommendation 3. . s

LY

¥ ’ o »
that the Ministry of Education establish safety standards for school science
. classrooms, and provide funds for school districts not only to condict
surveys of the science safety equipment in schools where science is taught.
but also to correct deficiencies that may be discovered through such
surveys. . (This recommendation is repeated from the 1978 Assessment.) ’
* o * . It 3

N <

- A. consistent theme in the secondary geachers' questionnaire was the need to
re-examine the senior secondary biology program. ) ’

[t is therefore recommended: ‘ . £

n : ‘ ‘ : L : . ek

L Recommendation 4. o ) %

: that ,the Curriculum Development Branch of the Ministry of- Education
‘ estaflish a Senior Secondary Biology Revision Committee to re-examine all'

aspects of the.senior secondary biology curriculum,
" 1

4.2.2 Recommendations to the Sthool Districts of Britjsh Coiumhia

The -teacher guestionnai.res clearly demonstrate tﬁ;ﬁ science teachers feel a con
need for “adequate science coordihation at both school "and district .levels. Some
progress has been made sincs,1978 but the Contract Team is, of the opinion that’
more iS necessary. .

.

It is therefore recommended:"

Recommendation 5. oo ' R

Ld N o~

that school districts: . »
® evaluate the form of science coordination within each school .
< . and establish some form of school-level coordination where
nore now exists ‘ . .
® not currently providing science coordinatiori appoint or
designate a qualiffed individual or individuals to be
résponsible for coordination and leadership of the science
programs Within the district ’

- ’ * * *
n. o ’ ) .
If sci;pge is to be well taught, there must be both adequate facilities and
a good supp¥y of necessary equipment and materials. . ‘

1

’
¥
L
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It is therefore recommended: . .

Recommendation 6.
that school districts: . .
® investigate the potential for converting some existing
- elementary general classrooms into rooms with adequate /.
v science facilities

® examine elementary schools for ways to utilize available
space so that central .storage and preparation space, is. 1

available for science- teaching -
¢ s

® attempt to provide for adequate Vventilation, storage space
- for volatiles, increased general Storage space for equipment
and materials, increaseg preparation space and increased °©

space for storage of pupil projects where these are needed .
in schools ¢ . .

®. examine the quantity and quality of the materials and
equipment used in their science pfograms, and make a
determined effort to effect improvements where these are
necessary, especially -in elementary schools and small Junior
secondary schools , -

® “‘encourage school Tibraries to purchase an adequate supply of
science reading materials in both elementary and secondary
schools . ‘

v

oS
° P

Tk . x *
»
-

Questionnaire data show thdt there is a small but not insignificant propor-
tion of junior secondary teachers who are teaching science without adequate prep-
aration. This %Bituation will further weaken the science program at a level where
there are already serious weaknesses. ‘ N I

It is therefore recommended: . _ : .

Recommendation® 7, .. o v

]

® that wherever: possible; school districts and adiministrators

avoid assigning teachers with little. science background to > .
teach science in junior secondany grades.” Where teachers
must be reassigned outside their specialty, - provisions
should be made for retraining. ‘ PR




[]
4.2.3 Recommendations to Schools and School Administrators in British- .
Columbia T

4 s T f . -

- Attention is.drawn to recommendations 5, 6 and 7.°

~ ~

P o

* * * .

“ °

Interpretation Panels' judgements ™&f the achievement results clearly
indicate that elementary school science programs are not as effeCtive as they
should be: Questionnaire data show that a substantial percentage of British
Columbia .elementary schoo] pupils réceive instruction in science for less time
than the Ministry of Education recommends. )

« '
-

It is therefore recommended : f , *

Recommendation 8.

® -that school administrators. and teachers follow the time
allocation$ given ‘for science instruction in the
Administrative Handbook :

[

4,2.4 Recommendations to Teachers of Science in,British Columbia

Attention is.drawn to recommendation 8. ' . ‘ ,

* . % *

« [N ~

v

Teachers at all levels showed concern about the lack of printed imformation

‘ other than textbooks available for pupils 'im science. This item_was®ranked high-

est by all groups of teachers on a list of suggested changes. The-provision of
. such materials is a responsibility of school.districts, but the choice must

involve science teachers. ' - . ’

- " It is therefore recommended: <L, . ’ ,
"Recommendatidn 9. . ’ . ) ) P ~
. . ] - . " EY
... ‘~ that teachers and: school librarians cooperatively explogg -

. ’ : the upgrading of print materials in libraries and classrooms

_“at both elententary and secondary levels

, S
- - “w

* % * , R
" . » ¢ .
A finding‘from'the Grade-12 Assessment was that pupil ;Eﬁievement in earth
. sciences was especially weak. A finding .from the secondary dllestionnaire was
. that junior secondary teachers were spending less time in these areas than in any
others. - . S
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It is therefore recommended:

o

Recommendation 10. ‘

rd

® that junior secondary "teachers give greater time emphasis to
earth science topics °

* * *

"

The Interpretation Panels that examined the provincial data for pupil per-
formance made a number of recommendations to teachers. Al are stated in Chap-
ters 3, 4 and 5 of the General Report, but some call for special emphasis in this
section, and it is possible to combine certain of the recommendations.

-
It is therefore recommended:
Recommendation 11. ‘
that science teachers: . o
® ensure that pupils understand safe procedures appropriaté to .

their level
i} . A
® give ’pupils more practice in presenting results in symbolic
forms (gspecially,graphs) and in‘interpreting such forms N

o giV; extensive time (bartfcu]ar]y in elementary school) and
-emphasis to measurement and quantification skills and to the
use of the-metric system

® give pupils in upper elementary ‘grades_and secondary'schools k4
adequate experience in analyzing variables and designing
controlled experiments ’

'®  give more emphasis to teaching the practical applications of
science knowledge and to using’ that knowledge in. néw
§ituations .

& -
.
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APPENDIX ‘A

MEMBERS OF REVIEW PANELS

Primary Panels

Richmond

Tom Ayres, Teacher, Surrey School District

Delle Booth, Teacher, Howe Sound School District
Lise MacDonald, Teacher, Richmond School District
Rosemary Meissner, Teacher, Coquitlam School Distrift
Alfred Serfas, Teacher, West Vancouver School Distr/ict
Wendy Shiel®s, Teacher, Delta School District
Penny. Stock, Teacher, Vancouver School District
Luanne Whiles, Teacher, Vancouver School District

©

Cranbrook

Jennifer Carter, Teacher, Castlegar School District
‘ Heather DeWald, Teacher, Creston-Kaslo School District
Debbie Ewan, Teacher,, Trail School District
David Humphrey, Teacher, Cranbrook School District
Brian Lutz, Teacher, Cranbrook School District
Mary Lyons, Supervisor, Creston-Kaslo School District
Sylvia McGregor, Teacher, Trail School District
Ji11 Shannon, Teacher, Castlegar School District

Intermediate Panels

Parksville

Ray Bower, Coordinator, Victoria School District
Kathi Hegan, Teacher, Campbell River School District
_Jackie Landon, Teacher, Campbell. River School District

Jennifer Leary, Teacher, Qualicum School District )
g Norman Lindberg, Teacher, Qualicum School District
“resesffavid: Lowe, Teacher, Alberni School District <=~ -~

Ken Munslow, Teacher, Sooke School District

Robert.Wall, Teacher, Victoria School District

-

<
Richmond

-Robert Axford, Teacher, Coquitlam School District
Ken Fletcher, Teacher, Surrey School District
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Kelowna )

Vivian McConnell, Teacher, Vancouver School District

Russ McMath, Teacher, Richmond School District -

Tony Rader, Teacher, North Vancouve¥® School District

Gerry Sandberg, Teacher, North Vancouver School District

Eleanor Swan, Teacher, Sunshine Coast School District

Don Van Kleek, Teacher, Sunshine Coast School District =
Stu Weir, Teacher, Delta School District -
John Zappavigna, Coordinator, Vancouver School District

Secdndary Panels

Mark Batche]or, Teacher, Central Okanagan School District
Rick Dedora, Teacher, Vernon School District
Santosh Dey, Teacher, Shuswap School District. \

" Bob Fisher, Teacher, Kamloops School District

Craig MclLeish, Teacher, Central Okanagan School District
Don Pavlis, Teacher, Caribou-Chilcotin School District
Lee Venables, Teacher, Nanaimo School District

@y £ ¢

Richmond

Ross Apperley, Teacher, -Richmond School District

Jim Ferguson, Teacher, Sunshine Coast School District

Jim Kettlewell, Teacher, Langley School District

Jim McKellar, Teacher, Coquitlam School District “.
Gary Spicer, Teacher, Surrey School District )

Wayne ‘Wood, Teacher, Prince Rupert School District

-
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APPENDIX B
MEMBERS OF INTERPRETATION.PANELS .
| , |
Grade 4 '
Cheryl Andres, Teacher, Independent Schools, Delta .

Lil Broadley, Teacher, Victoria School District
Louise Burgardt, Principal, Nechako School District
, Anna-Mae Gartside, Trustee, Cranbrook School District
. Fred Gornall, University of British Columbia
Margaret\Groome, Parent, Surrey
Frances Hdcan, Trustee, Nelson School District
Peter Hyde,\leacher, Stikine School District
Lew Jones, Teacher, North Vancouver School District
Virginia MacCarthy, Consultant, Cowichan School District
~ Kathy 011ila, Jeacher, Sooke Schoo] District
Pat Rutherford,\Jeacher, Caribou-Chilcotin School D1str1ct
Luisa Sess1ons, cher, Victoria School District ’ :
Sally Terakita, Tea her, Coquitlam School District N \

Grade 8

Larry Ballard, Teacher, Invermere School District

Al Boerema, Teacher, Independent School, Surrey

Bill Costain, Principal, Nelson School District

Bart Deeter, Science Helping Teacher, Surrey

Peter Demchuk, Teacher, Saanich School District '

Ian Johnson, Teacher, Kimberley School District ‘ .
Scott Nicholson, Teacher, Burnaby School District

Ken Serl1, Vice-Principal, Kamloops School District

Bill Smith, Teacher%*Chilliwack School District

Marguerite Sykes, Trustee, Merritt School District

Pat Tait, Teacher, South Okanagan School District

Kathy Wade, Teacher, Langley School District °

Reg Wild, University of British Columbia

Audrey Will, Parent, Vancouver . .
Dan Young, Teacher, Sooke School District

-

Ken Baker, Teacher, Nanaimo School District
John Betts, Camosun College . !
Keith Burpett, Teacher, Chilliwack School District
Bob Cocoran, Teacher, Indépendent School, Vancouver
Don Cunningham, Teacher, Quesnel School D1strict
o Allan Davis, Teacher, Crénbrook School District

Bob Gardner, Teachqr, Burnaby School DistriCt
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Marguerite Hall, Trustee, Quesnel School District

Don Jacques, Teacher, Prince George School District

Hollis Kelly, Trustee, Surrey School District é\

Alice Marquardt, Teacher, Peace River South :School is&rict
Elaine Murphy, Teacher, Nanaimo School District :

Neil Risebrough, University of British Columbia

Lynn Sturgeon, Parent, North Vancouver
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